Background Hidradenitis suppurativa (HS) is a chronic, inflammatory and recurrent skin disease. Different staging instruments have been suggested, but none has achieved universal acceptance. Despite the fact that Hurley staging is one of the most widely applied HS disease severity staging instruments, it has not been validated.
Summary
Background Hidradenitis suppurativa (HS) is a chronic, inflammatory and recurrent skin disease. Different staging instruments have been suggested, but none has achieved universal acceptance. Despite the fact that Hurley staging is one of the most widely applied HS disease severity staging instruments, it has not been validated.
Objectives To determine the inter-and intrarater reliability of the Hurley staging system. Methods Fifteen raters (five plastic surgeons, five general surgeons and five dermatologists) independently staged 30 photos of patients with HS according to Hurley staging at two time points. Reliability was assessed using kappa (j) statistics, and multivariable logistic regressions were used to determine independent risk factors for photos with discordant staging. Results Inter-rater reliability was moderate for the three stages of HS [j = 0Á59, 95% confidence interval (CI) 0Á48-0Á70]. It was moderate for Hurley stage I (j = 0Á45, 95% CI 0Á32-0Á55) and stage II (j = 0Á51, 95% CI 0Á31-0Á71) and it was almost perfect for stage III (j = 0Á81, 95% CI 0Á62-1Á00). The intrarater reliability was substantial for all stages and all raters (j = 0Á65, 95% CI 0Á58-0Á72). For stage I it was moderate (j = 0Á50, 95% CI 0Á38-0Á62), for stage II it was substantial (j = 0Á62, 95% CI 0Á51-0Á73) and for stage III it was almost perfect (j = 0Á82, 95% CI 0Á77-0Á87). Hurley stages II and III were less likely to result in discordant staging than Hurley stage I (odds ratios 0Á47, 95% CI 0Á29-0Á77 and 0Á21, 95% CI 0Á12-0Á38, respectively). The mean time spent on staging a photo was 14 s. Conclusions Hurley staging is reliable for rapid severity assessment of HS, with moderate inter-rater and substantial intrarater reliability for all stages. It is best for assessing Hurley stage III HS, which is an indication for surgery.
What's already known about this topic?
• Hidradenitis suppurativa is a relatively common disease without a universally accepted disease severity staging instrument.
• Hurley staging is one of the most widely applied disease severity staging instruments.
What does this study add?
• This study is the first to determine the inter-and intrarater reliability of Hurley staging.
• Hurley staging is reliable for rapid severity assessment of hidradenitis suppurativa.
It is best for assessing Hurley stage III disease, which is an indication for surgery.
Hidradenitis suppurativa (HS), also known as 'acne inversa', is a chronic, inflammatory and recurrent skin disease affecting apocrine-gland-bearing areas of the body, in particular the axillary, inguinal and anogenital regions. 1, 2 HS affects about 1% of the European adult population, 3 and a 3 : 1 female-tomale ratio has been reported. 4 It presents after puberty as painful, deep-seated, inflamed lesions, including nodules, sinus tracts, abscesses and scarring, with the diagnosis based on the clinical features of the skin lesions and their chronicity. 4 HS leads to impaired quality of life with increased risk of depressive complaints. 5, 6 Although the cause of HS remains unclear, there are some potential factors that affect HS, which can be grouped into genetic, environmental, endocrine and microbiological factors. [7] [8] [9] [10] Despite it being a relatively common disease, there is a lack of high-quality evidence for the best treatment options. 11 A multidisciplinary approach with a combination of medicinal and surgical treatment is often needed, performed by a group of cooperating dermatologists, general surgeons and/or plastic surgeons. 12 Because of the need for a multidisciplinary approach and because the quantification of disease severity supports the development of evidence-based treatments, a reliable, easyto-use disease severity assessment instrument for HS is essential.
Various HS staging instruments are currently used, [13] [14] [15] but a universally accepted instrument is still lacking. Ingram et al. recently reviewed the available clinical measures for staging HS severity. They concluded that 90% of these instruments lack any evidence of validity. 14 The Hurley staging system, first described in 1989, is one of the most widely used HS disease severity instruments according to the available studies. It stratifies patients into three stages and was originally designed for the selection of the appropriate treatment modality in a certain body location: medical therapy for Hurley stage I, local surgery for Hurley stage II and wide surgical excision for Hurley stage III. This makes it easy to use in the short time of a routine clinical visit ( Table 1) . 16 Despite the wide use of Hurley staging and the fact that new staging instruments are often compared with it, there is surprisingly, to the best of our knowledge, no information on its inter-and intrarater reliability. Therefore, the main aim of this study was to determine the inter-and intrarater reliability of Hurley staging. The secondary aims were to evaluate whether reliability differed between the three stages of Hurley staging, to assess whether reliability was dependent on the specialization of the raters, and to assess the mean time spent on staging HS according to the Hurley staging system.
Materials and methods
This prospective study determined the intra-and inter-rater reliability of Hurley staging among 15 raters. The study was performed using 30 photos of individual cases, selected by the investigators (Z.N.O. and O.L.).
Selection of photos
Photos were selected from websites licensed for educational purposes and they were therefore already staged according to Hurley, which will be referred to as the reference stage (examples shown in Fig. 1 ). The investigators reassessed the photos. The photos selected included lesions in the most involved regions of the body: the axilla, groin and mons pubis, and the gluteal, genital and perineal or perianal regions. Thirty photos of the highest available quality were chosen. The selected photos included cases of all three Hurley stages, and each stage was represented by 10 photos. The photos were placed in a random order in an online questionnaire.
Selection of raters
We tried to include a representative group of raters, which resulted in the selection and participation of five plastic surgeons, five general surgeons and five dermatologists. They worked in different hospitals and clinics in the Netherlands, had at least 2 years of experience in the treatment of patients with HS, and were familiar with the use of Hurley staging in daily clinical practice. The investigators were not involved as raters.
Rating process
The online questionnaire was sent to the raters. Each rater independently staged all 30 photos according to Hurley staging (at T1). The photos were provided in random order, and the raters were given unlimited time for assessment. The raters were blinded to clinical information and the source of the photos, and were not allowed to discuss their observations with other raters. Per rater, the questionnaire could be filled in only once. It was not possible to return to a previous question and correct the answer. The raters were not informed that the photos were divided into three groups (Hurley stage I, II and III) with exactly the same number of photos in each group.
To ensure unambiguous application of the Hurley staging, an overview of this staging instrument (Table 1 ) was available to the raters while they were completing the questionnaire. In order to assess intrarater reliability, the photos were assessed a On the second photo assessment for the intrarater reliability, the same photos were provided in a different random order.
Outcome 1: inter-rater and intrarater reliability
Inter-rater reliability was determined between all raters at T1. Intrarater reliability was determined within each rater at T1 vs. T2.
Outcome 2: risk factors for photos with discordant staging
We determined independent risk factors for photos with discordant staging between raters and the reference stage at T1. Discordance was based on correct staging (yes vs. no). Studied variables were Hurley reference stages (I, II or III) and profession (plastic surgeon, general surgeon or dermatologist).
Outcome 3: time spent on staging
The raters were given unlimited time for all assessments. The time spent on staging was recorded for each photo at T1. The raters were not informed that the time spent on staging the photos was recorded.
Statistics
The data were analysed using SPSS version 21 (IBM, Armonk, NY, U.S.A.) and the software package R version 3Á1Á1 (R Foundation, Vienna, Austria). All continuous data were assessed for normality distribution by analysing frequency histograms and Q-Q plots. Homogeneity of variance was assessed by the Levene test. The inter-and intrarater reliability will be described as the kappa-value (j) and 95% confidence interval (CI).
Inter-and intrarater reliability were analysed using kappa statistics as described by Fleiss and Cohen, respectively. The kappa-values for intrarater reliability were calculated for each of the individual raters at T1 vs. T2, before calculation of the mean kappa-value with 95% CI. Interpretation of the values was carried out according to the guidelines of Landis and Koch, which suggest that values < 0 represent poor reliability, 0Á00-0Á20 slight reliability, 0Á21-0Á40 fair reliability, 0Á41-0Á60 moderate reliability, 0Á61-0Á80 substantial reliability and 0Á81-1Á00 almost perfect reliability. 17 A subgroup analysis was conducted for the (mean) kappa-values of inter-rater and intrarater reliability for the photos of each individual Hurley reference stage and each profession.
We performed sample-size calculations using the kappaSize package in R. 18 We assumed that the true value of kappa is 0Á7 for both inter-and intrarater reliability and that 33% of images fall in Hurley stage I, 33% in Hurley stage II and 33% in Hurley stage III. In the inter-rater study, each of the 15 raters would rate a total of 30 images. This would give a lower boundary of the 95% CI for the estimated kappa of 0Á573. In the intrarater study, each rater would rate a total of 30 images twice. This would give a lower boundary of the 95% CI for the estimated kappa of 0Á486 for each rater.
Univariable and multivariable logistic regression models were used to determine risk factors for photos with discordant staging. A one-way ANOVA was used to test the statistical significance of differences in time spent on staging photos. Statistical significance was defined as P < 0Á05. The Guidelines for Reporting Reliability and Agreement Studies were used to report this study. 19 
Results
The photos of the 30 patients were staged twice by a multidisciplinary panel of 15 experts from three medical disciplines.
Inter-rater reliability
The inter-rater reliability was moderate for all stages and all raters (j = 0Á59, 95% CI 0Á48-0Á70) ( Table 2) . It was moderate for Hurley stage I (j = 0Á45, 95% CI 0Á32-0Á55) and Hurley stage II (j = 0Á51, 95% CI 0Á31-0Á71), and was almost perfect for Hurley stage III (j = 0Á81, 95% CI 0Á62-1Á00). General surgeons had better overall inter-rater reliability (j = 0Á65, 95% CI 0Á51-0Á79) than plastic surgeons (j = 0Á58, 95% CI 0Á44-0Á72) and dermatologists (j = 0Á61, 95% CI 0Á46-0Á76). Especially for Hurley stage III, general surgeons (j = 0Á88, 95% CI 0Á72-1Á00) had better inter-rater reliability than plastic surgeons (j = 0Á76, 95% CI 0Á52-1Á00) and dermatologists (j = 0Á79, 95% CI 0Á51-1Á00). For Hurley stage I, general surgeons and dermatologists both had the best inter-rater reliability (j = 0Á55, 95% CI 0Á30-0Á80), compared with plastic surgeons (j = 0Á49, 95% CI 0Á26-0Á72).
There was a small difference for Hurley stage II between the three groups, in which the general surgeons had the best inter-rater reliability (j = 0Á52, 95% CI 0Á25-0Á79), followed by plastic surgeons (j = 0Á49, 95% CI 0Á31-0Á67) and dermatologists (j = 0Á49, 95% CI 0Á21-0Á77).
Intrarater reliability
The mean intrarater reliability was substantial over all stages and all raters (j = 0Á65, 95% CI 0Á58-0Á72) ( Table 3 ). The mean kappa-value of all raters was lowest for Hurley stage I (moderate; j = 0Á50, 95% CI 0Á38-0Á62), followed by Hurley stage II (substantial; j = 0Á62, 95% CI 0Á51-0Á73), and it was highest for Hurley stage III (almost perfect; j = 0Á82, 95% CI 0Á77-0Á87). This difference in intrarater reliability between the Hurley stages was also seen in the various professions separately (Table 3) .
Risk factors for photos with discordant staging
In total 450 photos were staged by our panel of raters at T1. The raters' staging of photos differed from the reference stage in 112 cases (25%). An independent risk factor for discordant staging was photos labelled as Hurley reference stage I, which were more likely to result in discordant staging than photos labelled as Hurley reference stage II (odds ratio 0Á47, 95% CI 0Á29-0Á77) or III (odds ratio 0Á21, 95% CI 0Á12-0Á38) ( Table 4 ). The medical specialty of the raters did not significantly affect the risk in the univariable or multivariable analysis.
Time spent on staging
The mean time spent on staging the 30 photos at T1 for all raters was 441 s, with a mean of 14 s per photo. There was a difference between plastic surgeons, general surgeons and dermatologists in the time spent staging all the photos. The general surgeons spent the least time on the staging, with a mean time of 13 s per photo, followed by the plastic surgeons and dermatologists (mean time per photo of 15 and 16 s, Table 2 Inter-rater reliability of all raters and separately for the three disciplines with subgroup analysis The data are shown as the kappa-value (95% confidence interval). Interpretation of the strength of reliability is according to the guidelines of Landis and Koch. 17 Table 3 Intrarater reliability of all raters and separately for the three disciplines with subgroup analysis All raters (n = 15) Plastic surgeons (n = 5) General surgeons (n = 5) Dermatologists (n = 5)
All stages (n = 30) 0Á65 (0Á58-0Á72) 0Á70 (0Á64-0Á76) 0Á55 (0Á38-0Á72) 0Á69 (0Á61-0Á77) Substantial Substantial Moderate Substantial Hurley I (n = 10) 0Á50 (0Á38-0Á62) 0Á55 (0Á46-0Á64) 0Á40 (0Á22-0Á71) 0Á55 (0Á36-0Á74) Moderate
Moderate Fair Moderate Hurley II (n = 10) 0Á62 (0Á51-0Á73) 0Á73 (0Á56-0Á90) 0Á46 (0Á22-0Á70) 0Á67 (0Á56-0Á78) Substantial Substantial Moderate Substantial Hurley III (n = 10) 0Á82 (0Á77-0Á87) 0Á82 (0Á76-0Á88) 0Á79 (0Á67-0Á91) 0Á85 (0Á76-0Á94) Almost perfect
Almost perfect Substantial Almost perfect
The data are shown as the kappa-value (95% confidence interval). Interpretation of the strength of reliability is according to the guidelines of Landis and Koch. 17 respectively). However, this difference was not significant (P = 0Á64) ( Table 5 ). There was a statistically significant difference in the mean time spent on staging photos between the Hurley stages: Hurley I, 329 s for 10 photos (95% CI 209-449); Hurley II, 182 s (95% CI 151-212) and Hurley III 152 s (95% CI 114-189) (P = 0Á006). Games-Howell post hoc analysis revealed that the mean time spent on staging was statistically significantly longer for Hurley stage I than for Hurley stage III (P = 0Á04).
Discussion
Assessment of the disease severity of HS is a challenge in daily clinical practice owing to the lack of a standard, accepted assessment instrument and the wide variability in the clinical appearance of HS. Considering the need for a multidisciplinary approach in the treatment of HS and the need for more research, an optimal staging instrument is needed that can be easily and quickly implemented in clinical routine and provide an accurate, responsive and clinically relevant representation of the disease severity. 14 One major impediment is the poor reliability of more detailed staging instruments. 11 Although Hurley staging was the first described HS severity instrument and its usability has previously been questioned, 16 it remains the most widely used staging system in the research of HS, as well as in clinical practice. 13, 14 However, to the best of our knowledge, its inter-and intrarater reliability have never been determined. Therefore, the main purpose of this study was to determine whether Hurley staging is a reliable scoring instrument for the staging of HS.
The overall inter-rater reliability was moderate, and the intrarater reliability was substantial. A notable outcome of this study is the difference in reliability between the three Hurley stages. The highest inter-rater reliability was for Hurley stage III (almost perfect), compared with Hurley stages I and II (both moderate). This was also the case for intrarater reliability, which was almost perfect for Hurley stage III, compared with moderate and substantial for Hurley stages I and II, respectively. The Hurley reference stage was an independent risk factor for discordant staging. Photos with mild cases of HS (Hurley I) had higher odds of discordant staging than those of more severe cases (Hurley II or III) . The medical specialization of the rater did not affect discordant staging. These outcomes suggest that the Hurley staging is particularly suitable for defining severe cases of HS in and across the professions most involved in managing HS.
Considering the photographic assessment in this study and the high reliability outcome for severe cases in and across professions, the Hurley classification could be useful for assessment in telemedicine and for research purposes, specifically for severe, stage III disease.
The mean time spent on staging a photo of a patient with HS was 14 s for all raters. This is much shorter than the time reported for other staging instruments (Acne Inversa Severity Index, 46Á4 s and the Revuz version of the original Sartorius score, 83Á2 s). 20, 21 However, we must take into account that Hurley staging describes the finding in a particular region and not the total disease burden for the patient. 16 Assuming that staging HS lesions in real clinical practice by palpating lesions and looking at them from different angles is easier than staging photos, this outcome suggests that Hurley staging is a time-efficient staging instrument. An earlier study described Hurley staging as useful for rapid staging of HS severity in clinical practice. 22 It was remarkable that all raters spent less time on staging photos of Hurley stage III, and also had the best inter-and intrarater reliability on those photos. This confirms the conclusion that Hurley staging was especially useful for recognizing severe cases of HS. An explanation for our observation that Hurley staging seems to be less reliable for mild and moderate 
OR, odds ratio; CI, confidence interval. cases of HS could be that Hurley stages I and II are more difficult to recognize on a photo than in real patients, as mentioned above. In addition, raters are more certain that a severe-looking case must fit into Hurley stage III. One of the strengths of this study is that the raters were from the three different disciplines that are most involved in the treatment of HS. Furthermore, the panel consisted of a large number of raters with a wide spread of experience, varying from 2 years to decades. This reflects clinical practice in a multidisciplinary setting and therefore we consider the panel to be representative. Another strength of the study was the flexibility around completing the questionnaire, whereby the raters were allowed to pause the questionnaire and finish at another moment. This reduced the chance of pressure bias.
However, our study has certain limitations. We chose to use available photos of patients with HS from websites licensed for educational purposes, in order to have prelabelled cases according to Hurley staging, causing limited availability. The selection of pictures we used may have not represented all possible scenarios seen in clinical practice. In addition, it is possible they did not precisely represent the normal anatomical distribution. However, lesion appraisal is dependent not on location, but on clinical skin features, which are similar in all regions. The use of available photos from educational sources could also have caused rating bias, when raters have seen and remembered the photos before the assessment. Firstly, we accepted this chance of bias because we used different sources, blinded for raters, which makes it is less probable that the raters could have recognized some of the used photos. Secondly, if the raters had recognized some of the included photos after gathering information on how to use the Hurley staging, it is assumable that some photos divided over all stages would be recognized. Finally, choosing the right stage does not directly affect interand intrarater reliability, it is about choosing the same stage as others and one's own previous assessment.
The use of photos and not patient examination may be seen as a weakness of our study. However, Hurley staging does not require palpation of the lesions. Considering the trend towards photographic staging and telemedicine, 23 this limitation simulates daily communication between specialists and can in fact be seen as an advantage. The mean time the raters spent on completing the questionnaire was short. We attribute this to the ease of using this staging instrument for severe cases of HS, but it is also possible that the raters did not take sufficient time to fill in the questionnaire as accurately as possible.
In conclusion, Hurley staging is reliable for rapid assessment of HS, and it is best for assessing Hurley stage III disease for all of the most involved professions, meaning whether or not a patient should be operated on. Our study proves that the staging can be done on photos and is therefore appropriate for telemedicine.
